Experimental
Haemoglobin-free erythrocyte membranes were prepared by hypo-osmotic lysis and incubated with 0.1% (w/v) phenylmethanesulphonyl fluoride. Extrinsic proteins were removed from the membranes by incubation twice with 7vol. of O.lmM-EDTA, pH 11.2 , and intrinsic proteins were eluted by incubation with 3vol. of 0.5% (w/v) Triton X-100 in lOrnM-Tris/HCl buffer, pH8.0 . The intrinsic proteins were fractionated by ion-exchange chromatography on a Whatman DEAE-cellulose DE-52 column. A fraction (I) of zone-4.5 polypeptide was eluted at low ionic strength with a SOmM-Tris/HCI buffer, pH 8.0, containing 5Om~-NaCl and 0.5% (w/v) Triton X-100, and a fraction (11), predominantly band 3, was eluted at high ionic strength with the Tris/HCl buffer containing 5 0 0 m~-N a C 1 and 0.5% (w/v) Triton X-100 (Kasahara & Hinkle, 19776; Sogin & Hinkle, 1978) . Triton X-100 was removed from both fractions by incubation overnight with Biobeads SM-2 10.4 g . ~m -~, plus 0.05% (w/v) phenylmethanesulphonyl fluoride]. For fraction I, dipalmitoylglycerophosphocholine (0.25 mg ~m -~) was added during incubation to increase protein recovery. Fraction I was concentrated by dialysis against sucrose and then dialysed against 4 0 m~-T r k / H C I buffer, pH 8.0. Both protein fractions were frozen as droplets in liquid N, and stored at -25OC. Before use in the permeability experiments the extracts were passed down a Sephadex G-50 column to remove excess Triton X-100.
The undirectional flux of radioactively labelled sugars (180-200p~) across the black lipid membranes was measured in an apparatus similar to that described previously (Jones & Nickson, 1978) .
Results and discussion
The polyacrylamide-gel profiles (inset, Fig. 1 ) of polypeptides arising from zone 4.5 and band 3 by the above extraction methods show that the protein fractions were reasonably free of cross-contamination; the band-4.5 polypeptide was purer than band 3. Fig. 1 shows the relative D-glucose permeabilities (Pre,. = P/Po, where Po is the bilayer permeability in the absence of membrane extracts) as a function of protein concentration in the aqueous phase bathing the trans face of the bilayer.
The data may be represented by the equations:
Prel. = 0.83(+ 1.00) (band 3) + 0.32(& 1.25)
where the extract concentrations are expressed in pg ~m -~ of aqueous phase. Although the data show some scatter, the results clearly indicate that band 4.5 enhances D-glucose transport across the bilayer, in marked contrast with band 3 under the same conditions. The linear dependence of Prel. on protein concentration in the aqueous phase implies a partition of protein between the bilayer and the aqueous phase in this concentration range. The amount of protein and its orientation in the bilayer are not known. However, our measurements extend to permeVOl. 10 (Naftalin & Holman, 1978) , so the observed flux should be increased by the factor (K, + [Sl)/[Sl, to give a maximum flux of 2 x lo-" m o l . c r n * .~-~, which may be compared with 9.2 x 10-l1 mol . cm-2. s-' calculated from V,,,, for the intact cell. Thus the reconstituted system has approx. 22% of the expected activity. Similar calculations based on the kinetic parameters for zero-trans-entry give approx. 6% of the expected activity. Fig. 2 shows the effect of the sugar-transport inhibitor, cytochalasin B, on the flux of D-glucose across the bilayer. After the flux had been monitored for approx. 2 h, cytochalasin B was added to one side of the membrane (Vo) and the change in permeability was observed. In this experiment transport was inhibited by 84%. Addition of band 3 to bilayers incorporating band 4.5 does not markedly affect their permeability. If, however, D-glucose is added to the trans side of the membrane to effect a change from zero-trans to equilibrium exchange conditions, the permeability is enhanced 2-fold. This compares with an expected increase of 2.4-fold calculated from kinetic parameters established from experiments on intact cells.
In the light of these experiments, and of the work of Hinkle, Baldwin and their colleagues cited above, there remains little doubt that a band-4.5 polypeptide of mol.wt. 55OOO is the major component of the monosaccharide transport system of the human erythrocyte membrane. In our hands the extraction methods for isolating this component give relatively low yields (approx. 50% of the total present in the membrane). The 
~r n -~)
The arrow denotes the addition of cytochalasin B ( 2 6~~) . The plot is based on the equation co Vo/c,A = Pt where co and c, are sugar concentrations on either side of a membrane of area A and Vo is the volume into which sugar is diffusing across the membrane. The slopes of the lines give the membrane permeability (P).
transporter appears to be one of the higher-molecular-weight polypeptides of region 4.5 in the gel profile, and we have estimated that it represents 2% by weight of the total membrane protein and that there are (1.3 5 0.6) x loJ copies per cell (Jones 8c Nickson, 1980) .
